Introduction
Evening primrose Oenothera biennis L. , native to North America, is now widely distributed in subtropical and temperature areas. Evening primrose is also planted in Northeast China, North China and East China 1 .
With high content of oleic acid, linoleic acid and γ-linolenic acid, evening primrose oil has been used as a dietary supplement because of high nutritive value 2 . Especially the content of γ-linolenic acid was up to 8-14 , which played important role in prevention and treatment of certain diseases 3 . The oil has been reported to have therapeutical effects on rheumatoid arthritis, atopic dermatitis, premenstrual and menopausal syndrome 4 . The oil has also been used in cosmetics, biodiesel and so on 4, 5 .
Unsaponifiable research indicated that β-sitosterol and campesterol were predominant phytosterols, while tetracosanol and hexacosanol were small amount of aliphatic alcohols 3, 6 .
However, overall triacylglycerol TAG profile of the evening primrose oil was not so clear, especially the positional isomers composition was still unknown. Non-aqueous reversed-phase HPLC coupled to MS enabled identification of the highest number of TAGs, and this method had been applied for TAG analysis of the evening primrose oil in previous studies 7 . But the separation of TAGs with the same 2.2 Approximate composition analysis for evening primrose seed AOCS methods 8 were used to measure the contents of moisture, ash, total carbohydrate, fat and protein.
Oil extraction
After removal of the impurity by screening, evening promise seeds were grinded into powder. The seeds powder was extracted by a screw oil press CA-59-G model, TBG Co., Germany without heat treatment. The obtained oil was stand for 30 min, and then centrifuged at 3500 r/ min for 10 min to separate oil from sediments.
2.4 Analysis of the oil 2.4.1 Physical and chemical parameters of oil AOCS methods were used for physicochemical properties determination, such as acid value AV , saponification value, peroxide value PV , and unsaponifiable matter content 9 .
The contents of tocopherol α -, β -, γ -and δ-isomers in crude evening promise oil were determined according to the reported method 10 . Agilent 1200 HPLC system Agilent, USA equipped with fluorescence detector Agilent, USA and Supelcosil LC-Si column 250 4.6 mm, 5 μm Supelco, USA was used. The emission and excitation wavelength were set at 330 and 290 nm, respectively. The column temperature was held at 20 . The oil sample was dissolved in hexane at 100 mg/mL. A 5 μL volume of the loaded sample on the column was eluted with n-hexane/isopropyl ether 93/7, v/v isocratically at 1.5 mL/min. The absolute contents of tocopherols were determined by comparison with the calibrated standard curves.
Fatty acid composition analysis
Evening promise oil was methylated according to the IUPAC method 9 . And the analysis of fatty acid methyl esters was performed on a gas chromatograph GC Agilent 7890B equipped with a flame ionization detector FID and a BPX70 capillary column 30 m 320 μm, 0.5 μm of film thickness, Agilent Technologies Co., Ltd. . The column, injector, and detector temperatures were set at 210, 230, and 300 , respectively. The flow rate of carrier gas N 2 with split ratio of 1:50 was set at 50 mL/min. The temperature was firstly kept at 170 for 12.5 min, then increased from 170 to 210 at 4 /min and from 220 to 235 at 1 /min. The fatty acids were identified with reference to the retention times of standard fatty acid methyl esters performed at the same conditions. 2.4.3 TAG profile analysis An oil sample of 300 mg was dissolved in 5 mL of n-hexane, and then diluted in the mixture of acetonitrile and acetone 7:3, v/v . TAG analysis was carried out using an off-line 2D HPLC coupled with APCI MS 11 . The off-line 2D
HPLC system consisted of NARP and Ag-HPLC. An Agilent ZORBAX SB-C18 column 250 4.6 mm, 5 μm was used for the NARP separation. The injection volume was 50 μL and the column temperature was 30 . The best separation was achieved using a gradient of acetonitrile solvent A and acetone solvent B at a flow rate of 1.0 mL/min. The elution gradient was programmed as follows: initial 67 A, linear from 0 to 20 min to 65 A, linear from 20 to 50 min to 53 , linear from 50 to 55 min to 67 , then held for 20 min. Fractions of the oil eluent were collected, by setting the range of retention times from NARP. All the fractions were collected following ten injections. Same fractions were combined and concentrated by nitrogen dryer. An Agilent ChromSpher 5 Lipids column 250 4.6 mm, 5 μm was adopted for Ag-HPLC, and column temperature was 30 . The mobile phase was n-hexane-acetonitrile 99.5:0.5 at a flow rate of 1 mL/min. In this section, fractions collected in NARP section were solubilized in hexane, and then injected into the Ag-HPLC-MS one by one.
Mass Spectrometry was performed on an Agilent 6300 Mass Spectrometer Detector ion trap Agilent, USA with APCI operating in the positive ion mode. The mass range was from 100-1200 m/z, with a scan duration of 0.2 s. Highpurity nitrogen was used as the nebulizer and drying gas. The pressure of the nebulizer gas was 50.0 psi. The nitrogen drying gas was at a constant flow rate of 600.0 L/h. Drying gas and APCI heater temperatures were set at 350 and 400 , respectively. 2.4.4 Unsaponifiable matters of the oil Unsaponifiable matters of the oil was extracted according to the AOCS method 9 . The mixture of 2 g of the oil, 1 mL of internal standard solution 1 mg/mL α-colestanol and eicosanol dissolved in n-hexane and 20 mL of 2 mol/L KOH solution in ethanol-water 95:5, v/v were put into a 50 mL flask. Saponification reaction was carried out by boiling flask for 2 h. The mixture was extracted by 100 mL n-hexane for 3 times and then washed by distilled water until neutral. The organic phase was dried by anhydrous sodium sulfate. Unsaponifiable matters were obtained by reduced pressure distillation and nitrogen flushing. And then, the unsaponifiable matters were dissolved by 1 mL of acetone into a small tube. Adding 200 μL of BSTFA TMCS 99:1 into the tube, derivatization reaction was carried out by 85 water bath heating for 50 min. Derivated unsaponifiable matters were analyzed by Agilent GC-7890B GC-MS with an HP-5MS column 30 m 250 μm 0.25 μm, Agilent, USA ; carrier gas: helium; flow rate: 1 mL/min; injection temperature: 280 ; detection temperature: 280 . The temperature was firstly kept at 50 for 1 min, increased from 50 to 150 at 8 /min and kept at 150 for 1 min, then increased from 150 to 300 at 5 /min, and kept at 300 for 10 min at last. MS parameters were as follows: electronic ionization voltage, 70 eV; ion source temperature, 250 ; scan range, m/z 50-550 12 . Unsaponifiable matters identification was performed by comparison of the retention times and mass spectra of eluting compounds to those of the Wiley library WILEY 275, NIST 98; Wiley, West Sussex, UK .
Statistical analysis
All experiments were repeated for triplication. Significant differences among means were accomplished by using an ANOVA procedure p 0.05 .
Results and Discussion
3.1 Physicochemical characteristics of evening primrose seed oil Table 1 summarized the nutritional components of Chinese evening promise seed samples. This seed contained medium level of oil content 25.56 , higher than soybean 7.5-17.5
, and lower than peanut 40-49 and sesame 52-57 13 15 . The protein content of the seed was 15.29 , similar to that of egg 14.7 and oatmeal 15.6 16, 17 . Table 2 presented the physicochemical properties of the cold press oil. Oil yield of cold press method was 19.2 , with extraction rate of about 74.8 . Both oils exhibited light yellow color, a customer-acceptable color. The fresh oil possessed very low AV and PV, suggesting their good quality as edible oil. High iodine value suggested that the oil had a high degree of unsaturation. It has been reported that this oil was easy to suffer from oxidation when exposure to oxygen, therefore antioxidant was needed during the oil storage Montserrat-de la Paz et al., 2014 . The evening promise oil has a total tocopherol content of 266.81 mg/100 g oil, higher than that of rapeseed oil 46.4-145.8 mg/100 g oil , sunflower oil 72.5-189.2 mg/100 g oil and most soybean oil 109.4-248.4 mg/100 g oil p 0.05 18 .
Fatty acid composition
Fatty acid composition of evening primrose oil and the positional distribution were shown in edible oil.
TAG composition
As shown in Fig. 1 , eighteen TAG fractions were obtained in the NARP dimension, then each TAG fraction collected in NARP section was analyzed by the Ag-HPLC in the second dimension followed by APCI-MS. The retention of TAG in NARP mode mainly depended on the equivalent carbon number ECN , which was defined as ECN CN-2DB, where CN was total carbon number, DB was total double bond number. However, since TAGs with the same ECN were co-eluted in NARP-HPLC, complete separation of TAGs could not be achieved by NARP-HPLC. Based on the interaction of Ag with π-electrons of the DBs in the fatty acid residues, the retention of TAG in Ag-HPLC mode was mainly governed by the unsaturation of TAG, and also affected by the position and geometry of DBs.
A chromatogram relative to a multidimensional NARPAg-HPLC application on TAG fraction 3 was illustrated in Fig. 2 . Two positional isomers were partial separated: sn-LLnL and sn-LLLn, which were identified by MS peak. sn-LLLn, where linolenic acid with three double bonds was present in the external position sn-1/3, was more retained in the Ag-HPLC.
As shown in Fig. 3 , fraction 6 was separated into snMyLL, sn-OLLn and sn-LOLn, and fraction 7 was partial separated into sn-PLLn and sn-LPLn. These components, characterized by the same ECN value 42 , undergo complete co-elution under the NARP dimension. The stronger interaction of OLLn group with the Ag-HPLC stationary phase was due to a higher unsaturation degree. Within the PLLn group, sn-LPLn was more retained in Ag-HPLC because of presence of linoleic acid and linolenic acid in the external position sn-1/3. With the same reason, sn-LOLn was more retained in the OLLn group. Also sn-LSLn was later to elute in the SLLn group, as shown in Fig. 4 . sn-LOL, where linoleic acid with two double bonds was present in the external position sn-1/3, was more retained in the Ag-HPLC. Also resolve were the positional isomers of LLP, GLL, SLL and PLP. As shown in Figs. 5, 7, 8, 9 , sn-LPL, sn-LGL, sn-LSL and sn-PPL were later to elute.
Ag-HPLC-MS chromatogram of LLO was shown in
As shown in Fig. 7 , fraction 12 was separated into sn-OLO, sn-GLL and sn-LGL. These components, characterized by the same ECN value 46 , underwent complete co-elution under the NARP dimension. sn-GLL and sn-LGL were partial separated. Fraction 15 was separated into sn-SLnO, sn-LnOS, sn-LnLA and sn-LnAL. sn-LnOS was more retained than sn-SLnO due to the presence of linolenic acid in the external position sn-1/3. And sn-LnAL was later to elute with the same reason Fig. 10 .
As shown in Fig. 11 , fraction 16 was separated into sn-SLO, sn-LOS, sn-OSL and sn-ALL, which had same ECN value 48 . Within the SLO group, sn-OSL was most retained due to presence of linoleic acid and linolenic acid in the external position sn-1/3. And sn-LOS was more retained than sn-SLO because of presence of linoleic acid in the external position sn-1/3. The stronger interaction of ALL group with the Ag-HPLC stationary phase was due to a higher unsaturation degree.
Fraction 17 was separated into sn-SPL and sn-PSL. sn-PSL was more retained than sn-SLP due to the presence of linolenic acid in the external position sn-1/3 Fig. 12 .
Two TAG species of fraction 18 were separated in Ag-HPLC: AOL and BLL without regioisomers Fig. 13 . With same ECN value, sn-BLL was stronger retained due to a higher degree of unsaturation. Table 5 listed the relative abundance of TAG isomers. There was a total of 38 TAGs including regioisomers that have been determined.
Unsaponi able matters composition
Gas chromatogram of unsaponifiable matters of evening primrose oil was shown in Fig. 14 . Results indicated that the total unsaponifiable matters were composed of more than 73.0 sterols, 13.4 alcohols, 3.1 hydrocarbons, 3.1 squalene and 1.5 Vitamin E. Tables 6 and 7 showed the composition of the hydrocarbons, and phytol and aliphatic alcohols from Chinese evening primrose oil. Docosanol and tetracosanol were most dominant linear aliphatic alcohols, with contents of 319.07 mg/kg and 454.70 mg/kg, respectively. Phytol, farnesol and amyrin were found at contents of 114.12 mg/kg, 31.42 mg/kg and 96.63 mg/kg, respectively. Farnesol has been proved to be an anti-biosis molecule 19 . Previous studies confirmed that amyrin had analgesic, anti-inflammatory, anticonvulsant, antidepressive effects 20 .
As Table 8 shown, the sterols were mainly consisted of campesterol, stigmasterol, β -sitosterol, lanosterol and androst, among which β -sitosterol and campesterol were most predominant, with contents of 8149.0 mg/kg and 720.34 mg/kg, respectively. The total phytosterols content of the evening primrose oil was up to 9149.21 mg/kg. Phytosterols have been reported to have the property of lowing the absorption of cholesterol, therefore preventing obesity, diabetes mellitus, hyperlipidemia diseases 21 23 . Recent studies showed that beta-sitosterol and stigmasterol possessed significant anticancer potentials and took effective role in prevention and treatment of several malignancies 24 .
Squalene was found at a content of 389.4 mg/kg in the oil. With effective physiological activity, squalene has been used for medicinal, therapeutic and cosmetic applications 25 . Also, three kinds of tocopherols were found in the oil, delta-tocopherol 11.17 mg/kg , gamma-tocopherol 77.62 mg/kg and alpha-tocopherol 97.54 mg/kg . Therefore, Evening primrose oil can be used as dietary nutraceutical supplements or ingredients of functional foods.
Conclusions
In conclusion, this work has presented a systemic characterization of Chinese evening primrose seed oil, including a variety of important physicochemical properties of the oil. The cold press oil possessed very low AV and PV, suggesting its good quality as edible oil. Overall triglyceride profile of the oil was determined by a 2D-HPLC coupled with APCI-MS method. There was a total of 38 TAGs including 27 regioisomers that had been determined. Unsa- ponifiable matters composition results revealed that this oil possessed a number of phytosterols. 
